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Abstract 
This research aimed to compare the carbon footprint between bioplastic straws (PBS/PLA 65/35 and PBS/PLA 70/30 
blends) and PP straws through the life cycle. PP straws were prepared by straw extruder and flexible straw bending machine, 
whereas bioplastic straws involved one additional compounding process; twin screw extrusion. Morphology of blends was 
investigated by SEM and demonstrated compatibility between PBS and PLA. Young’s modulus and tensile stress at break of both 
blends were similar to PP properties, whereas % elongation at break was around 6 – 9%. The melt flow indexes were about 5 – 7 
g/10 min. Carbon footprint of bioplastic straws and PP straws are carried out by life cycle assessment (LCA) typed business to 
consumer model (B2C). This method estimated the total emission of greenhouse gases (GHG) in carbon equivalents per 1 kg 
weight of product through their life cycles, from raw material, transportation, manufacturing, and disposals of finished products. 
The results showed that the carbon footprint of bioplastic straws was higher than that of PP straws because of more wastes from 
manufacturing. However, if these wastes can be reduced, the carbon footprint of PBS/PLA straws would be less than carbon 
footprint of PP straws. The statistical analysisd was performed using electrical energy collected from straw extruder as data. The 
electrical energy was used in the production of bioplastic straws were less than that of PP straws. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
An increase in global population leads to both increased food and energy consumption. The global population 
increases and these activities associated with energy consumption generates more and more green house gas (GHG) 
to the atmosphere. Therefore, we must realize greenhouse gas emission by estimating the carbon footprint from 
production, transportation, and disposal. Data of carbon footprint will show on the labels’ products that indicate 
amounts of green house gases through life cycles of products. They help consumers to choose a product that is more 
environment-benign. The carbon footprint can be estimated by life cycle assessment (LCA). It is used in various 
types of industries, namely, construction, water treatment disposal, etc. In plastic production also, the evaluation of 
the carbon footprint can be performed. Carbon footprint usually stands for the amount of CO2 and other green house 
gases, emitted over the full life cycle of a process or product [1]. Life cycle assessment associated with full life cycle 
of product (Business-to-customer: B2C) and partial life cycle of product (Business-to-business: B2B). B2C 
evaluates green house gas emission from manufacturing raw material, production, uses, and disposal, but B2B 
evaluates green house gas emission from manufacturing to before transporting product to customer.  
Plastic products from petrochemical industries are not eco-friendly due to having the high carbon footprint. Until 
recently, bioplastics has been explored as alternative to substitute the fossil-based plastic e.g. PE,PP. Bioplastics are 
polymers that are manufactured into the commercial products from natural sources or renewable resources, and they 
can also be biodegradable[2]. Thus, this study aimed to study the carbon footprint and green house gas emission by 
life cycle assesment typed B2C of bioplastic straws   ) PBS/PLA (and polypropylene straws through life cycle, from 
producing raw materials, transportation, production, and disposal. 
2. Material and experimental 
2.1 Materials 
PLA extrusion grade 2003D purchased from Natureworks, PBS extrusion grade AZ91TN LOT NDI3Y9 
purchased from MITSUBISHI CHEMICAL CORPORATION and Peroxide (Perkadox 14-40) purchased from  
AkzoNobel and PP extrusion grade EL-Pro P400S from SCG Plastics Co.,LTD. 
2.2 Experimental 
 
2.2.1 Compounding PBS/PLA by twin screw extruder 
 
PBS/PLA/Perkadox 65/35/0.00167 blends were blended in twin screws extruder by using temperture from feed 
zone to die is 20/170/175/180/180/180 ͼC, screw speed 50 rpm, pull rate of cutter 5.6 Hz.  PBS/PLA/Perkadox 
70/30/0.00167 blended using temperture from feed zone to die 20/160/170/180/185/185 ͼC, screw speed 50 rpm, 
pull rate of cutter 5.6 Hz. 
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Fig. 1. Temperature profile of PBS/PLA (65/35) in twin screw extruder 
 
 
 
Fig. 2. Temperature profile of PBS/PLA (70/30) in twin screw extruder 
 
2.2.2 Testing properties of PBS/PLA 
 
Morphology by scanning electron microscope (SEM), melt flow index following ASTM D1238, tensile testing 
following ASTM D882 and % gel content following ASTM D2765 were investigated. 
 
2.2.3 Production flexural straw 
 
2.2.3.1 Bioplastic Straw 
 
Compounds were first dried at 60ͼC for 12 hours then extruded by industrial straw extruder to make straws' 
diameter of 6 mm, length 225 mm, weight 8.2 g/10 straws. PBS/PLA(65/35) used temperature of straw extruder 
from feed zone to die of 180/180/180/175/170/20ͼC. PBS/PLA(70/30) used temperature of straw extruder from feed 
zone to die of 185/185/180/170/160/20ͼC. PBS/PLA(65/35) using screw speed 11.37 Hz, pulling inverter 19.4 Hz, 
cutting inverter 17.8 Hz, whereas PBS/PLA(70/30) using screw speed 11.61 Hz, pulling inverter 19.8 Hz, and 
cutting inverter 18.3 Hz. Then bend straws by automatic flexible straw bending machine, PBS/PLA(65/35) used 
bending rate 15.5 Hz, and PBS/PLA(70/30) used bending rate 15.8 Hz. 
 
2.2.3.2 PP straw 
 
In case of PP straw production, the compounding step was not required. PP was extruded by industrial straw 
extruder to make straws' diameter of 6 mm, length 225 mm, weight 6.0 g/10 straws. PP used temperature of straw 
extrusion from feed zone to die 212/212/212/210ͼC, screw speed 19.03 Hz, pulling inverter 30.1 Hz, and cutting 
inverter 27.7 Hz. Then bend straws by automatic flexible straw bending machine, PP used bending rate 30.5 Hz. 
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2.2.4 Evaluation carbon footprint of straws 
 
Green house gas (GHG) emission was calculated from energy that was derived from activities by using equation 
(1) as below. 
  
GHGs  =  Activity data X Emission factor       (1) 
 
activity data = engergy was used in the process 
emission factor was found in reference, EF LCI Database V1 020354)MTEC(, etc. 
 
2.2.5 Comparing of electrical energy used in straw producing process of three straw products by ANOVA 
  
To analysis relation of between 2 variables (formulas and electrical energy) analysis relation between formulas 
and electrical energy and compare means of electrical energy in each formula, ANOVA analysis was performed. 
The electrical energy data in straw producing process was from electrical power that was used in twin screw 
extruder and flexible straw bending machine. The comparation of electrical energy was analyzed by using One-way 
ANOVA analysis via MINITAB 14. Assume significance level was 0.05, use formulas as factors and use electrical 
energy data as responses. 
3. Results and discussions 
3.1 Properties of Bioplastic 
3.1.1 Morphology of PBS/PLA blends 
 
SEM images were showed in Fig. 3. It showed that PBS/PLA(65/35) and PBS/PLA(70/30) blends were 
compatible, and did not have any voids in specimens. It was also observed that fractured surfaces of 
PBS/PLA(70/30) were smoother than that of PBS/PLA(65/35), hence PBS/PLA(70/30) was more compatible than 
another one. 
 
 
 
Fig. 3 SEM micrographs of compounds (a) PBS/PLA (65/35) : (a-1) 1000x, (a-2) 5000x Â¨³(b) PBS/PLA (70/30) : (b-1) 1000x, (b-2) 5000x. 
Scale bar: (a-1, b-1) 20ȝm; scale bar: (a-2, b-2) 4ȝm. 
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3.1.2 Melt flow properties 
 
Table 1 Melt flow index (grams/10 minutes) of PBS/PLA(70/30) and PBS/PLA(65/35). 
 
Formulas MFI (g/10 min) 
neat PBS 7.56 ± 0.37 
neat PLA 0.65 ± 0.03 
PBS/PLA (65/35) 5.19 ± 0.30 
PBS/PLA (70/30) 7.45 ± 0.32 
 
From Table 1, neat PBS had the highest MFI value whereas neat PLA had the lower MFI value. Increasing PBS 
contents in the blend led to the higher MFI values. For both PBS/PLA ratios (65/35 and 70/30), PLA was a 
dispersed phase and distributed as droplets throughout the PBS matrix (as seen by SEM in Fig. 3). Flow properties 
of the blend were thus closed to that of neat PBS. PBS/PLA(70/30) was more easy to flow than PBS/PLA(65/35), 
the high content of PBS led to an increase in viscosity. 
 
3.1.3 Mechanical properties 
 
Table 2 Tensile properties of PBS/PLA(65/35) and PBS/PLA(70/30) are % Elongation at break, Tensile stress at break, and Young’s modulus. 
 
Formulas Modulus  (MPa) 
Tensile strength  
(MPa) 
Elongation  
at break  
(%) 
PBS/PLA  
(65/35) 868.61 ± 22.34 30.49 ± 1.88 6.3 ± 0.92 
PBS/PLA  
(70/30) 784.34 ± 13.93 31.36 ± 1.46 9.2 ± 1.66 
 
Young’s modulus of PBS/PLA (65/35) was higher than PBS/PLA(70/30) due to higher PLA content. Tensile 
stress at break of PBS/PLA (70/30) was slightly higher than that of PBS/PLA(65/35), because PBS/PLA (70/30) has 
more PBS content than another one. Thus, tensile force of PBS/PLA (70/30) specimen was used to break it more 
than PBS/PLA(65/35). The Elongation at break of PBS/PLA(70/30) is higher than PBS/PLA(65/35) because 
properties of PBS are tough and flexible, but PLA is brittle. 
 
3.2 Evaluation carbon footprint of straws 
 
Green house gas emission in bioplastic straw and PP straw respectively are presented as following in Fig. 4, 5 
 
 
 
Fig. 4 Life cycle of PBS/PLA straws and green house gas emission in the processes 
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Fig. 5 Life cycle of PP straws and green house gas emission in the processes. 
 
Table 3 Compare carbon footprint of three straw’s production PBS/PLA 65/35, PBS/PLA70/30 and PP 
 
Data Amount of CO2 emission (kgCO2e) 
 PP PBS/PLA (65/35) 
PBS/PLA 
(70/30) 
1. Manufacturing  
and transportation 1.439 2.735 2.43 
2. Compounding - 0.1668 0.1546 
    
3.Extruding straws 0.1483 0.247 0.207 
4. Flexible straws manufacturing 
0.02581 0.03384 0.03384 
5. Transporting straws to customer 
0.001844 0.001846 0.001846 
6. Disposal    
6.1 Incineration 3.245 4.11 3.848 
6.2 Landfill 2.449 3.115 2.9 
(Scenario I) 
Amount of GHGs emission per 1 kg flexible straws    
- Incineration 4.86 7.29 6.67 
- Landfill 4.06 6.3 5.72 
(Scenario II) 
Amount of GHGs emission per 1 kg flexible straws 
(when wastes were minimized) 
   
- Incineration - 4.74 4.55 
- Landfill - 4.1 3.9 
 
Table 3 showed that carbon footprints from both of bioplastic straws were higher than polypropylene straws 
because a lot of wastes occurred in compounding, straw extrusion and bending process of bioplastic straws 
production (Scenario I). However, when minimizing these wastes (Scenario II), straw products had a production rate 
about 0.8 kg/1 kg compound for PBS/PLA(65/35) straws and 0.824 kg/1 kg compound for PBS/PLA(70/30) straws. 
So carbon footprints of both of PBS/PLA blends are less than PP. Manufacturing and transportation had the most 
amounts of green house gas emission. The amounts of GHG emission in compounding could be negligible owing to 
too small amounts of green house gas emission. Landfill option results in less amounts of GHG emission than 
incineration.  
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3.3 Comparing electrical energy that used in straw producing process by ANOVA 
  
 
 
Fig. 6 Results from one-way ANOVA analysis of bioplastic straws and PP straws 
 
ANOVA analysis was conducted to analysis relation between formulas and electrical energy and compare means 
of electrical energy in each formula. When comparing using electrical energy in straw extruder of both PBS/PLA 
formulas with PP by using One-way ANOVA analysis, the results show that the using electrical energy of both of 
PBS/PLA straws’ formulas are not statistically different because dashed line of both of PBS/PLA formulas do not 
overlap as shown in Fig. 5. However, they are statistically different from PP because dashed line of PBS/PLA and 
PP partially overlap as shown in Fig. 5. PBS/PLA straws consume lower electrical energy than PP straws. 
4. Conclusion 
The carbon footprint by life cycle assessment typed B2C between PP straws and bioplastic straws were 
calculated. The compounding step was added in the evaluation of bioplastic straws. The carbon footprint was 
calculated from collecting electrical energy data in the process, was the carbon footprints from both of bioplastic 
straws was lower than polypropylene straws after optimizing wastes in compounding, straw extrusion and bending 
process of bioplastic straws production. 
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